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D. Gabor discovered a two-step method of optical Imagery...
The method involves recording photographically the diffraction
pattern of an object illuminated with a coherent monochromatic
wave, printing the resulting hologram to a positive and ^by recon
struction obtain an image of the object,, Advantages of this
method are that it is possible to achieve suitable Imagery with
optics that have considerable aberrations. For example,
electron lenses have spherical aberrations which, with diffract
ion, limit the theoretical limit of resolution to about 5 $
With this method it appears feasible to achieve a resolution
limit of 1 a. Another advantage suggested by Gabor is that it
is possible to record in one photograph the data of three-dimen
sional objects.
Theory
Gabon's Image Reconstruction by Wavefront s from "Principles
of Optics", Born and Wolf, 1959 edition, page 452
At a typical point in H, U : Ae1' represents the complex
disturbance. A is the real amplitude, f is the phase of the
disturbance. We may regerd U as the sum of two terms;
(1)U = U<1> +U<3> --E6EV +AMe^-nh
1 D. Gabor "Microscopy by Reconstructed
Wave-fronts"
Proc.
Royal Society (London) A197, 454 (1949)










The amplitude may be written
(2) ArVff = - * 2A(i)A(8)COB(^-%)
The time harmonic factor (e ) is suppressed implicitly
assuming that the secondary wave issuing from the object is of
the same frequency as the incident wave.
O"
is semi-transparent
A photographic plate placed at H
plane having a transmission factor
oC . The ratio of the complex
amplitude of the wave emerging
from the plate to that of the
wave incident on the plate equals
Figure 1 Formation of the C< ,
hologram
The corresponding transmission factor for the Intensity
is T = o^O^ and
(3) D = -log10T = -log10o<c^
p
The product E of the intensity I = A of light and the
time t of exposure.
(4) E = It
E
(5) D = D0 + r"log]_0Eo D0 and E0 are constants
It follows that
(6) T = T0(|)
-r
For the pure absorption, without phase change, c< is a real
number the square root (
/T~
) of the intensity transmission.
Thus, in this case, the amplitude transmission factor ^ of
the
negative hologram is given by a relation of the form;
(7) ^^
= (KnA)'n
Kn is proportional to the time of exposure





where = fn Tp is the








factor is given by (8) is illuminated by the coherent background
U^1' alone. A substitute wave
U'
is transmitted by the plate
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Comparing (10 ) and (l) it is seen that if
A1
is constant ie if
the background is uniform, the substitute wave
U1
contains a
component called the reconstructed wave, proportional to U (the
first term in (10) )
The remainder of (10) consists of two terms. One has the
imes
that of the background. This term can be made very small by
making the background sufficiently strong.
The other term has the same amplitude (KA A^8') as the
reconstructed wave, but has a phase shift of opposite sign
relative to the background.
same phase as the background and an amplitude A^s' / A
'
ti
We say that it represents a conjugate wave and may be
regarded as being due to a fictitious object of a similar








Denote 0-^ as any point in < and P as any point in the H
plane
SP the direct ray associated with the coherent
background
OtP the secondary ray
Suppose there is no change of phase on diffraction at 0]_,
then the diffracted light at P is delayed with respect to the
direct light by the path difference O^P - 0]_A where A is the
point on the intersection with S0]_ of the sphere centered on S
and passing through P. Now the conjugate wave is advanced
relative to the direct wave by the same amount as the secondary
diffracted wave is retarded with respect to it, so that the
conjugate wave catches up with the direct wave at that point Oo
on the line S0]_ where; 0]_P
- 0]_A = P02
-
A02 (11)
If rlf R, and r2 are the distances of the points 0-^, A]_,
and 02 from S and<X is the angle between SP and the line S0-lA02
then the equation (11) may be written







Expanding both sides in powers of oi and retaining leading
terms only, it follows that;
(13) 1+1.2
r-L r2 R
If the hologram were curved to a sphere of radius R, the
relation (13) would hold with respect to any point on it, and
it follows that the conjugate wave could then be regarded as
being a fictitious object which is the image of the original
object in a spherical mirror, of radius R and center S. This
result evidently also holds, as a good approximation, in the
case of a plane hologram, provided that the off-axis angles
of the rays are small enough. If, moreover, r-^/R is small
compared to unity, then according to (13) r2/>^-r-]_ , so that
the conjugate object and the true object are situated sym
metrically about the source S.
Procedure
Holograms were produced having two different focal lengths
using a helium-neon visible laser as the coherent source. The
object was an engraved scale from a measuring magnifier, the
lines and numbers being an opaque substance probably inconel.
The negative holograms were projection printed^lrl and recon
structed in the same laser beam.
6
The physical set-up is shown below; where D-^ is about
40 ft. in both cases, D2 in the first case is 40 cm., in the




The negative holograms were recorded on Plus X pan, 35mm
film developed to a gamma of 1 (10 min D-76, 68F).
The positive holograms were projection printed approximatly
1:1 in an enlarger on high contrast copy film developed to a
gamma of two (6 min D-76, 68F) .
The reconstructions were made as follows. The positive
hologram was placed in the plane where the object had been, then
using a 35mm camera with a bellows extension set-up to copy 1:1
the reconstructed image was recorded on Plus X pan developed
to a gamma of about 0.7 (6 min D-76, 68F) .
A microdensitometer trace was made of the reconstructed
images. For evaluation of acutance an average of three traces
was used for each of the holograms (reconstructed) and for
comparison a line edge on high contrast film.










Acutance was measured in two places for each of the
reconstructed holograms, the high contrast film copy, and a
typical Xerox sample on a transparent support . The magnitude
of acutance depends on distance (ax) units chosen - here mm
on film .
40 cm hologram 68.9
47.3




high contrast copy 1226
625
On the basis of this experiment, the line sharpness as
measured by acutance is comparable to Xerox on a transparent
support, but is very much less than that obtained photograph
ically on high contrast film. It would also seem that as the
focal length of the hologram increases, the acutance decreases.
It would be desireable to make more reconstructions using
different focal lengths to determine if there is some preferable
focal length that would provide a maximum of acutance.
The decrease of acutance with increasing hologram focal
length may be due to the greater dispersion of the diffracted
















3 .49 .05 2.0 4.00 = 9.87
4 .56 .07 2.8 7.84 acutance = 9.8,7.
.5
5 .64 .08 3.2 10.24 = 19.74
6 .77 .13 5.2 27.04
7 .87 .10 4.0 16.00
8 .90 .03 1.2 1.44
1 .44
2 .46 .02 .8 .64




4 .51 .03 1.2 1.44 3.62
5 .56 .05 2.0 4.00 a.p.nt.anr.e
= 3*62
.44
6 .62 .06 2.4 5.76 = 8.23
7 .67 .05 2.0 4.00
8 .74 .07 2.8 7.84
9 .81 .07 2.8 7.84
10 .85 .04 1.6 2.56











































2 .52 .08 3.2 10.24
3 .67 .15 6.0 36.00
4 .83 .16 6.4 40.96
5 1.02 .19 7.6 57.76























3 .70 .55 22.0 484.00 = 1845-72
4 2.75 2.05 82.0 6724.00 acutance = Ig4^
< .95






2 .08 .05 2.0 4.00
= 3739.36




4 3.08 .38 15.2 231.04 = 1226.02
S3 11218.08
12
print of original object
reconstruction of 40 cm hologram
*y
'
* * 419 TS
reconstruction of 92 Gm hologram
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